heterogeneous abiotic habitats may be an important source of genetic diversity in this species. 23
Environmental factors describing temporal variation in precipitation and evaporative demand 24 explained the most SNP variation among accessions, indicating that these forces may represent 25 key selective agents. Lastly, by studying how SNP-environment associations vary throughout the 26 genome, we mapped the location and investigated the functions of loci putatively contributing to 27 climatic adaptations. Together our findings indicate an important role for selection imposed by the 28 abiotic environment in driving genomic differentiation between populations. 29 30 KEYWORDS: adaptation, eigenanalysis, redundancy analysis, population structure, landscape 31 genetics 32
INTRODUCTION 34
Local adaptation is thought to underlie a large proportion of phenotypic variation segregating 35 within species. Despite this, the primary environmental agents driving selection between natural 36 populations are still unknown in most systems. Across landscapes, genetic divergence can result 37 from selection imposed by environmental forces, but also from the effects of restricted gene flow 38 and genetic drift when subpopulations are partially isolated (Wright, 1943) . Disentangling the 39 concurrent effects of spatial isolation and natural selection on generating genetic diversity is 40 critical for understanding the relative importance of adaptation in driving diversification, as well 41 as for identifying the environmental factors underlying its occurrence. This remains a major 42 technical challenge, mainly because collinearity is common among spatial and environmental 43 variables (Kissoudis et al., 2016; Lasky et al., 2012; Lee & Mitchell-Olds, 2011; Wiens, 1989) . 44
New statistical methods and the increasing availability of fine-scale environmental and genomic 45 data provide one approach to estimate the independent contributions of environment and space to 46 explaining patterns of genetic variation. These strategies can complement traditional tests for 47 local adaptation (i.e., reciprocal transplants) and begin to characterize the nature of selection 48 acting in the wild, as well as its genetic targets (Fournier-Level et al., 2011; Hancock et al., 2011; 49 14/38 contribute to clinal adaptation-and thus represent a conservative subset of the variables 283 potentially contributing to geographical variation in selection. The contribution of these 6 284 gradients in RDA space is shown in Figure 3 . The strongest predictor was the coefficient of 285 monthly variation in vapor pressure, followed by precipitation seasonality, soil texture, annual 286 maximum solar radiation, maximum potential evapotranspiration, and minimum potential 287 evapotranspiration ( Table 2) . 288
The correlations of these six variables with the first two RDA axes (loadings in Figure 3 ) 289 suggests that the contribution of each variable to SNP variation differs geographically across the 290 species range. To test for the presence of regional climatic differences that may contribute to 291 divergent selection, we studied how each environmental predictor varied by genetic cluster 292 ( Figure S3 ). Significant differences among genetic clusters were identified for all 6 predictors 293 based on ANOVA tests (P < 1x10 -8 for all tests), suggesting that each regional cluster occupies a 294 more or less unique abiotic habitat. This finding is recapitulated when breaking down all 58 295 environmental variables into orthogonal components (Figure S4) ; the first two components of 296 climatic variation separate accessions by region. 297 298 Regional climatic differences explain more SNP variation than geography 299
Variance partitioning by RDA. Using RDA, the abiotic environment (14 variables identified 300 through forward selection) and spatial structure (10 dbMEMs identified through forward 301 selection) explained 22% of SNP variation among accessions. The majority of this (17%) was 302 attributable to the colinear portion of environment + space (Figure 4) . This fraction could 303 represent either the contribution of clinal environmental factors or latent spatial population 304 structure that is not captured by the dbMEMs. Considering the independent effects of 305 18/38 largely associated with latitudinal gradients (Blanca et al., 2015; Zuriaga et al., 2009) . 373 Accordingly, when we did not correct for spatial structure with constrained ordination, a highly 374 clinal variable-degree days above 18C-explained the most total SNP variation ( Table 2) . 375
Although geographic clines have historically been considered important for understanding the 376 genetics of adaptation (Adrion et al., 2015; Endler, 1977 Endler, , 1986 , disentangling geographically 377 structured variation from adaptive variation remains a major challenge-as evidenced here-and 378 will likely require novel statistical methods to address. In S. pimpinellifolium, further population 379 sampling across clinal gradients coupled with in situ common garden experiments could be one 380 way of disentangling the independent effects of space and climate in these cases. 381
Despite the substantial collinearity we observed between space and environment, our 382 analysis discerned several axes of spatial variation that uniquely explained SNP variation. The 383 second spatial dbMEM variable explained the largest portion of SNP variation among accessions 384 (Table 1) . This variable describes broad patterns of spatial structure and separates accessions 385 from the center of the range (northern Peru) from those at the northern and southern extremes 386 ( Figure S1 ). This finding is consistent with our genetic analysis of population structure-as well 387 as previous spatial genetic data (Rick et al., 1977; Zuriaga et al., 2009; Lin et al., 2019 )-which 388 demonstrate a strong latitudinal pattern of genetic relatedness. Interestingly, while the second 389 dbMEM axis explained the most variance of any single spatial variable, cumulatively more 390 variance was explained by fine-scale dbMEM axes (dbMEM5, 6, 7, 8, 9, & 17 ; cumulative R 2 = 391 0.0701). Such a pattern may be driven by the geographic landscape of the Andes; large and 392 patchy altitudinal clines (sea level to > 6500 m) may limit local dispersal between adjacent 393 populations, amplifying genetic differentiation over small spatial scales. 394
19/38
Apart from spatial variation associated with SNPs, our analysis also identified specific 395 environmental factors that uniquely explained additional SNP variation. Temporal fluctuations in 396 precipitation (seasonality) and vapor pressure (the coefficient of monthly variation) explained the 397 most genome-wide SNP variation when we simultaneously considered the effects of spatial 398 structure in our RDA analysis ( Table 2) . This reinforces some previous empirical findings-399 especially the role of precipitation seasonality as a key factor-but also points to additional 400 environmental forces as potential abiotic selective agents in this species. Precipitation was 401 previously implicated in driving ecological adaptation in both this and other tomato species 402 (Nakazato et al., 2008 (Nakazato et al., , 2010 . Specifically, among accessions of S. pimpinellifolium, variation in 403 days to wilting (a measure of drought tolerance) is strongly associated with differences in annual 404 precipitation between coastal and highland regions (Nakazato et al., 2008) , consistent with 405 selection being imposed by this environmental axis. Interestingly, our findings at the 406 intraspecific scale are also similar to previous inferences of important ecological drivers among 407 wild tomato species. Distribution models have identified precipitation and temperature as the 408 major determinants of differences in contemporary species ranges across the wild tomato clade 409 (Nakazato et al., 2010) . Moreover, these analyses indicate that precipitation seasonality in 410 particular is important for determining the allopatric distributions of S. pimpinellifolium and its 411 sister taxon S. lycopersicum var. cerasiforme. 412
In contrast to precipitation, the importance of vapor pressure as a selective agent within 413 or among wild tomato species has not been evaluated, although vapor pressure's role in 414 modulating plant-water relations has been well studied in domesticated tomato (Guichard et al., 415 2005; Zhang et al., 2017) . Deficits in vapor pressure between the mesophyll and external leaf 416 surface promotes transpiration (Zhang et al., 2017) , and if not met with additional water uptake 417 20/38 from the soil, large differentials in vapor pressure will lead to reduced growth and desiccation. 418
Our findings from RDA suggest that regional differences in vapor pressure are a strong selective 419 force in S. pimpinellifolium ( Table 2) . The importance of variation in vapor pressure-and not a 420 measure of annual or monthly mean values-may point to a role for specific physiological 421 mechanisms which maximize fitness during acute fluctuations in evaporative demand (e.g., rapid 422 stomatal closure responses, induction of root growth, or other strategies for increasing water use 423 efficiency under temporary stress). This hypothesis is testable in the future with direct 424 manipulative experiments across accessions that are predicted to differ at specific SNPs 425 associated with this axis of the environment. 426
While variation in vapor pressure and precipitation were the most predictive of genomic 427 variation across the range as a whole ( Table 2) , more specifically, regional environmental 428 differences and our RDA analysis suggest that different factors are most influential in different 429 regions of the species range (Figure 3; Figure S3 ). Genetic clusters we identify within S. 430 pimpinellifolium are, in general, significantly diverged from each other for their environments 431 ( Figure S3 ; Figure S4 ). For example, coastal accessions (genetic clusters 1, 4, and partially 3) 432 are exposed to higher levels of solar radiation compared to the rest of the range (Figure S3 , 433 panel 3); northern Peruvian accessions (cluster 2) experience highly seasonal precipitation 434 ( Figure S3 ; panel 2); and Ecuadorian accessions (cluster 5) experience high soil type diversity 435 (i.e., all four soil types that found throughout the species range are also present in this region; 436 Figure S3 , panel 6). Together with our RDA results-which identified these and other variables 437 as significantly predictive of SNP variation independent of spatial population structure-these 438 patterns of environmental variation are consistent with regional differences in the primary agents 439 fastStructure, ordered by clusters identified in K-means to show correspondence between the 720 methods. 721 722 axis accounting for spatial structure among accessions. Note the change in y-axis scale between 758 the two panels. 759 
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